Much scholarship in the Learning Sciences points toward communities of practice as essential loci for authentic, transferable learning. Mentoring is a time-honored way of initiating newcomers into a community of practice, and in recent years, scholars have explored the design of on-line mentoring programs to support learning in K-12 classrooms and other settings. To date, this work has held to a traditional concept of mentoring which is private and one-on-one. Work in the area of on-line mentoring has also remained quite separate from research into the development of on-line learning communities. Here, qualitative and quantitative evidence are presented to support a new model of telementoring, termed ''mentoring in the open''. Evidence is presented to support two claims: First, that ''mentoring in the open'' can improve the effectiveness of individual telementoring relationships, and second, that it can also support efforts to build cohesive on-line learning communities in circumstances where this can be challenging.
INTRODUCTION: BUILDING THE KNOWLEDGE SOCIETY
For over a decade, Scardamalia, Bereiter and the Knowledge-Building team have pursued a unique vision of education, in which students take a dramatically more active and thoughtful role in their learning. As a result, they become more aware of their own, and others' processes of constructing knowledge. This ''knowledge-building'' pedagogy (Scardamalia & Bereiter, 1991) is enabled by a software application called Knowledge Forum R , which supports students' efforts in creating, sharing and building upon a communal knowledge base. The knowledge base is a community resource which reflects learners' best current understandings of the world, using text, graphics, and sets of markers called ''scaffolds'' which help to foster reflective awareness about different kinds of contributions to an inquiry (Scardamalia & Bereiter, 1994) .
The ultimate extension of knowledge-building pedagogy, it has been argued, would be a computer-mediated ''knowledge society'' (Scardamalia & Bereiter, 1996) involving a mixture of students and adults working together to advance the state of knowledge. It is an ambitious and worthwhile concept; but it has been difficult to accomplish for several reasons. One of these is historical. Much of both the technical and intellectual work on Knowledge Forum and its predecessor, CSILE (Scardamalia, Bereiter, McLean, Swallow, & Woodruff, 1989) , occurred in the days before wide-area networking and the Internet became widespread. In this context, it was not as tempting for students as it is today to seek the answers to every inquiry they formulate on the web. In their technical isolation, CSILE students and teachers learned to trust the collective judgment of their classroom knowledge-building communities, and to enrich these communities through their own efforts.
Along with this intellectual independence, students sometimes also learned a degree of irreverence for adult ''experts''. Even where this was not the case, teachers and students did not develop routine ways of working with adult collaborators who might facilitate their classroom inquiries and teach them something about the distinctive ways in which the practitioners of various disciplines, such as science or history, build knowledge (Bazerman, 1988; MacDonald, 1994) . Instead, knowledgeable adults were invited to examine students' research after the fact, to confirm findings and celebrate accomplishments (Caswell & Lamon, 1999) . While this represents an advance over what may occur in many classrooms, it ignores some significant potential of wide-area networking.
Internet access is now common enough in knowledge-centered workplaces, in the dorms and homes of university students and graduates, and in K-12 schools, that it is possible on any given day for millions of knowledgeable adults to be involved directly in the learning of millions of children. Needless to say, this is not presently the case; but proponents of on-line mentoring argue that if the right sort of adult-child learning relationships could be made to happen routinely, under the guidance and direction of professional educators, they have the potential to produce important improvements in educational practice. One objective of the research into on-line mentoring has been to foster more frequent and routine dialogue between students and knowledgeable adults outside the school (Harris & Jones, 1999; Harris, Rotenberg, et al., 1997; O'Neill & Gomez, 1998 November; O'Neill, Wagner, et al., 1996; Tsikalas & McMillan-Culp, 2000) , who can help students to ''do the discipline'' they are studying in an authentic way (Seixas, 1999) . In this way, students' classroom inquiries can serve as vehicles for their induction into disciplinary communities of practice (Lave & Wenger, 1991 ) that they will encounter both in future schooling and adult life.
This ambition is quite different from that of ''ask-a'' services, such as ''Ask Dr. Math'' (The Math Forum at Drexel, 2003) , or ''Ask an American History Question' ' (U.S. National Park Service, 2003) , which take factual or theoretical questions from students, and aim to deliver authoritative answers, on a one-off basis, as quickly as possible. Many such services are available today (The Virtual Reference Desk, 2003) , and while they can be pedagogically valuable in the right circumstances, they make an important trade-off when considered from the community of practice perspective. Because ask-a services aim to efficiently route each query to the person who is most likely to possess a particular piece of knowledge, the question submitted by a student today and the question submitted by the same student tomorrow are likely to be answered by different people. Since each question is treated in isolation, the possibility of a student developing complex ideas over time, under the advisement of a practitioner who can offer high-level advice or direction, is essentially removed. Similarly, the satisfaction that the adult expert can gain from watching students' ideas develop is curtailed.
Clearly, the intent of telementoring programs is quite different from ask-a services. Current telementoring programs connect thousands of students and volunteers each year, and aim to foster the sorts of mentoring relationships that research shows are helpful to human development, but rare in face-to-face settings (Kram, 1985; Levinson, 1978; Noe, 1988) . Much has been learned about the educational benefits that on-line mentoring between K-12 students and adult volunteers can have (Harris & Jones, 1999; O'Neill, 2001; Tsikalas & McMillan-Culp, 2000) , but to date, researchers' attention has been focused almost exclusively on the benefits that on-line mentors can bring to individual students -leaving aside the benefits they might bring to a whole on-line community of inquiry.
This paper begins to address this previously unexplored potential, using data from two years of design experiments carried out in collaboration with the Knowledge Forum team at OISE/UT. These design experiments involved a new model of telementoring, called ''mentoring in the open''. As with models of on-line mentoring discussed in the literature cited above, ''matches'' were made between students pursuing school research projects and adult volunteers with expertise in the areas students were studying. As in other programs, all mentors received considerable orientation to the type of research students would be undertaking, the pedagogical intent of the assignment, and the roles they were expected to play.
Where ''mentoring in the open'' differed from models of telementoring previously pursued however, was in the way students communicated with their mentors. Unlike any other telementoring program with which this author is familiar, students did not exchange private messages with their mentors via e-mail or some similar medium. Instead, students were organized into thematic ''working groups'' of varying sizes: from a single student to 10 or more. A ''view'' (analogous to a folder or discussion group), was set up for each working group within the Knowledge Forum database, and a mentor was assigned to offer guidance to the students working there. To use an architectural metaphor, the views were more like movable curtains than walls. While each student and mentor had a ''home'' view in which to contribute research notes and communicate with peers, these views were open for every participant to read and write in.
Below I argue that compared to other models of on-line mentoring, this model appears to have three important benefits:
Students can take advantage of their peers' experiences to understand how ''good'' mentoring relationships work. Telementors can scaffold ''social comparisons'' among peers, which can enable learning. Telementors can serve as models to catalyze peer support.
These benefits will be explored in depth below, using computer trace data, surveys, and interviews with students and volunteer telementors. Two crucial issues to be explored in future research will also be discussed.
THE NEED FOR SOCIAL CAPITAL IN COMPUTER-SUPPORTED LEARNING COMMUNITIES
In order to understand what sorts of social routines and technological affordances might best support on-line learning communities, it is helpful to observe how things work in face-to-face communities where mentoring, apprenticeship, and other much-lauded relationships (Brown, Collins, et al., 1989; Resnick, 1987) occur. Scholars have done considerable work in understanding the factors that contribute to the health of such learning communities (Woodruff, 1999) . Recently, sociologist Robert Putnam offered a thorough historical analysis of community and civic participation in America, including the changes it has seen as technologies like television and the automobile have grown in popularity (Putnam, 2000) . Putnam's analysis suggests that many of the factors and functions discussed previously in the literature on community life can be viewed as by-products of a broader phenomenon, ''social capital'':
Whereas physical capital refers to physical objects and human capital refers to properties of individuals, social capital refers to connections among individuals -social networks and the norms of reciprocity and trust that arise from them. In that sense social capital is closely related to what some have called ''civic virtue''. The difference is that ''social capital'' calls attention to the fact that civic virtue is most powerful when embedded in a dense network of reciprocal social relations. A society of many virtuous but isolated individuals is not necessarily rich in social capital. (Putnam, 2000, p. 19) Putman reviews a wide array of evidence revealing the strong connection between social capital and positive outcomes at school. In a broader context, examinations of age-and expertise-diverse learning communities, both online (Bruckman, 1998) and off (Harper, 1987; Jacobs, 1961) suggest that social capital is an inalienable part of what makes authentic learning communities function sustainably. For instance, the learning community surrounding the master mechanic Willie, depicted in Douglas Harper's (1987) Working Knowledge, relies on a broad array of interdependent human relationships. Some of these relationships are relatively remote, and bonded to a fee-for-service economy. Clients visit the shop, drop off their inoperative cars or farm machinery, and pay Willie in cash once he has finished repairing them. In Willie's community, deeper, more reciprocal learning relationships coexist with these remote ones -developed through an informal economy involving barter. Regulars at Willie's shop (like the author Harper himself), make use of Willie's tools and expertise for their own projects, working virtually as his apprentices. In Harper's account, it becomes clear that the friend-apprenticeship and fee-for-service relationship are actually reliant on each other. Paying customers depend on the friend-apprentice barterers to supply the spare parts, odds and ends that Willie uses to do his work for them. Meanwhile, the friend-apprentices rely to some extent on paying customers to supply the cash necessary to buy tools and supplies that cannot be made from scratch. Finally, on a broader scale the business of the shop itself is sustained by both paying clients and apprentices, who spread its reputation by word of mouth. All in all, as Putnam's very large-scale analysis also shows, the network of human relationships -the social capital -is an important part of what enables the community to work and learn.
In a similar way but in a very different context, Jane Jacobs (1961) describes the informal teaching that she observed on the sidewalks of large American cities like New York. These relationships, which serve an important role in socializing children and protecting them from the rigors of growing up, involve participants of all ages -including peers, parents, shop owners and passers-by. This network of relationships relies on a broad-based social awareness that develops partly through sheer proximity, and partly through the mixed use of sidewalks for business and play. This mixture of uses allows learning relationships to be struck up spontaneously, and with very little effort:
People . . . who have other jobs and duties, and who lack, too, the training needed, cannot volunteer as teachers or registered nurses or librarians or museum guards or social workers. But at least they can, and on lively diversified sidewalks they do, supervise the incidental play of children and assimilate the children into city society. They do it in the course of carrying on their other pursuits . . . . (Jacobs, 1961, pp. 81-82) Important lessons for educational design can be drawn from these examples. Ideally, on-line learning communities should be fostered in such a way as to develop and support a degree of spontaneity parallel to what Jacobs observed. However, as is paradoxically the case in architecture and urban planning, spontaneity relies upon design (Alexander, Ishikawa, et al., 1977) . To foster a network of interdependent relationships in a community (in Putnam's term, to build social capital), it is helpful to have some foundational relationships to start with.
Below I argue that in the realm of computer-supported collaborative learning, one clear social role -that of the mentor -can be an important catalyst for the growth of broader social capital. The data discussed below, gathered in the context of fairly typical high school science classrooms, show that when on-line mentoring relationships are carried out in the right kind of shared electronic workspace, they can both benefit from and, reciprocally, help to build a network of learning relationships. In this way, they can contribute not only to individual students' learning, but also to the creation and maintenance of the sort of intellectual community required for knowledge-building pedagogy to function.
THE POTENTIAL AND CHALLENGE OF TELEMENTORING
While a full exploration of telementoring relationships and telementoring programs is beyond the scope of this article (for this see Harris, 1999; O'Neill, 2001 ), a brief treatment will be helpful to understand the central ideas of this paper.
Telementoring is a distinct type of on-line learning relationship that generally occurs between a knowledgeable adult and one or more students. While it can occur casually, most often teachers or researchers purposely orchestrate the relationships, to ensure both that volunteers' time commitment is kept reasonable (i.e., some mentors are not ''swarmed''), and that every student has an equal opportunity to secure knowledgeable advice. Once established, telementoring relationships may span a period of weeks or months. Telementors may be drawn from the community surrounding a school, or from around the world; and they can provide many different forms of assistance to students, from the provision of career advice to guidance on a specific, challenging school project or investigation (Harris & Jones, 1999; Lewis, 2002; Tsikalas & McMillan-Culp, 2000) .
Telementoring relationships draw their central inspiration from the mentoring relationships that have traditionally taken place one-on-one and face-to-face, in work settings, schools and neighbourhoods. These relationships differ from tutoring in that tutors aim to teach clearly delineated bodies of knowledge or skill (such as reading, mathematical problem-solving, or computer programming), while mentors generally aim to support learners' work on relatively ill-defined problems -such as those related to designing and carrying out original research, planning and developing a career, or apprenticing into a new intellectual community. Finally, while the agenda in a tutoring relationship is largely under the control of the tutor, in mentoring the mentee brings most of the problems to the table. An illustration will help to clarify these distinctions.
A Sample Telementoring Relationship
One example from previous work (O'Neill, 2001) revolved around Dan, a Ph.D. student in Physics, and three students pursuing research on how astronomers identify black holes. This relationship began with a brief exchange in which Andy, Cori and Bill told Dan a little about their idea for the research, and he probed them about what relevant courses they had completed in school. From this point, the conversation turned directly to the design of an investigation that would enable the students to pursue their curiosity about black holes, while satisfying their teacher's requirement that they go beyond simply summarizing source texts, to making knowledge claims of their own. Below, the students use the word ''infomercial'' to describe the sort of paper they want to avoid:
Dear Dan Jeffries, I'm glad to Know you'd be interested in helping us. I hope you got our information on our educational past. We need to come up with a thesis proposal. We submitted several proposals which weren't accepted because they didn't fully meet the thesis requirements. Here's the bind: We must have a topic question which will not turn our project into an infomercial. However, we need specific data (however much data on Black Holes is complex Physics which we can't use/understand). We're thinking of the following type of project proposal. Finding several reports on Black Holes which may exist. Using the data we know (in simplified terms) we will evaluate the data known on this these supposed black Holes. We will then conclude whether any of these can truly be black holes (dependent on whether they meet our ''requirements for black holes''). This case study will require transferring a great deal of complex material into simplified, workable terms. Perhaps this is an area that you may be helpful in. Please write us and tell us if such information we're looking for exists and is workable, or if you have any ideas for our project. Your help is greatly appreciated. Keep in touch.
thank You, Andy, Cori and Bill
In his reply, Dan offers advice on three fronts. In the first paragraph of his message, he points Andy, Cori and Bill to publications where they are likely to find reading materials on black holes that they can to understand with their limited theoretical knowledge. In the second paragraph, he cautiously suggests that with the right limitations, their black holes agenda could satisfy Mr. Wagner's project criteria. Finally, he reminds them that it is not too late to choose something simpler to do, and suggests that they may find inspiration in a publication called Sky and Telescope:
Andy et al. I don't think I gave you the month on that Physics Today article, I'm not sure of the month but it's number 8. I would assume that's August but I'm not sure if PhT puts out 12 issues a year. Once again, I'd look at Sky and Telescope or Astronomy first. I talked it over with a few of my colleagues, and they suggested that Physics Today might be too advanced.
As I understand it, your problem is that you cannot just say ''This is what a black hole is, isn't it cool'', but you have to come up with some verifiable, answerable question. The process used by astronomers to determine if a source is a black hole isn't all that trivial. If you do not have to go into how they measure the velocity of the surrounding material, that might be do-able. Still, there are only three sources that have been conclusively identified as black holes. (And one of them was just announced days ago.)
In addition to looking at the idea of how the existence of black holes is determined, you might also ask yourself if there are any other astronomical questions that you are interested in. You might look through a few back issues of Sky and Telescope, and see what interests you.
Let me know what you think. Dan Later in the exchange, when it becomes clear to Dan that his young mentees are not going to surrender the black holes idea, he begins to problematize for them the nature of the ''proof'' they should be looking for:
The basic questions you would want to ask are: What is a black hole? If it exists, where would we expect to look for it? What would we see? Has anyone looked for this, and what did they find?
Dan's questions make clear that establishing knowledge-claims in the domain the students have chosen is difficult. His questions encourage the students to do particular things to address this challenge, including conducting targeted background research (''where would we expect to look for a black hole?''), and describing their hypotheses. With Dan's suggestions and further consultation with their teacher, Andy, Cori and Bill finally manage to settle on the following plan for their data gathering and analysis:
Dear Dan, Thanks a great deal for your continual responses and input. Your help is much appreciated. We think we've found a nifty idea for our project.
First we'll briefly explain the features and dynamics of a Black Hole, talking about simple physics, formation of etc. Next we'll research the three known Black Holes and find information about how and why these areas were positively identified as a black hole. Next we'll do a ''case study'' on the areas which scientists think may be Black Holes. By comparing observations between the Black Holes and the ''possible Black Holes'' we can conclude which of these ''possible Black Holes'' are most likely to exist. Some of the following information may help.
1. What are the names of the three Known Black Holes, where might information be found on them (we'll find it). 2. Where might information be found on the unknown Black Holes. 3. What ''traits'' in these Black Holes and supposed Black Holes would be the most simplistic and beneficial to helping us compare.
Once again Thank You Greatly, Andy, Cori and Bill Following this message is a lengthy exchange about the theory surrounding black holes, and how astronomers collect and interpret data about them. Much of this text shows Dan translating what he knows about the phenomenon of black holes into simpler language for his mentees. When the students complete their report, Dan also provide extensive, paragraph-by-paragraph comments on the work. Along with these comments, Dan provided summary comments on the entire paper which emphasized how well the students limited and defended their knowledge-claims:
Interesting paper. You did a good job of making what conclusions you can from a limited data set. This is a must for anyone in astronomy. In the field, since there is almost always limited data, error analysis is crucial, as well as a healthy sense of scepticism. I think you did a good job of showing why the nature of Cygnus X-1 is in doubt. More information on what you would expect to observe from typical neutron stars would help to strengthen your claim that the Cygnus X-1 source is a neutron star. Good Work! I hope you had fun with this.
As this example shows, the educational value of telementoring relationships like this one does not reside solely in students tapping the authoritative knowledge of a ''real'' scientist. This is valuable, but could be done more easily through an ask-an-expert service. What is most valuable here is the relationship that Andy, Cori and Bill formed with an audience that they respected, that demanded rigor in their work, and that supported them in achieving it. When students build a relationship with this sort of audience, they can better understand the values and practices of a scholarly community, and feel more responsible to serve them in their work. Andy articulated this sense of responsibility well when I asked how he felt about sending his paper to Dan:
It can be . . . scary . . . because I'm sending a pretty amateur paper to a physics professor [sic] , asking him to put comments on it! I don't know, it might be quite laughable to him. But on another level, he's probably anxious to see your paper . . . . You know, they put some element of work into this whole mentoring deal, they want to see what the student has got out of it, and how successful their mentoring was.
Scaling Telementoring
Several independent teams have shown that adults with far less education than Dan can complement and extend the efforts of skilled teachers to support classroom inquiry; and there is reason to believe that a large number of such volunteers can be found. Large-sample studies have shown repeatedly that the best predictor of whether educated, middle-class adults get involved in volunteer activities (at schools or elsewhere) is whether they are asked (Hall, Knighton, et al., 1998) . Further, census data suggest that even if only university-educated adults who currently volunteer face-to-face and have home access to the Internet were ever interested (a conservative set of assumptions), as many as 2.7 million people might be prepared to telementor each year in the U.S. and Canada alone (O'Neill & Harris, in press ). This adds up to roughly a 1:17 ratio between potential telementors and school-aged children. Considering that some subjects (physical education, for instance) are not appropriate for telementoring, and that some mentors may choose to volunteer for more than one project each year, the prospects are worthy of exploration. It is hoped that with the benefit of further research, and using currently available software tools (National Mentoring Partnership, 2003; O'Neill, Weiler, et al., in press ), telementoring relationships can be routinely orchestrated by teachers with about the same level of effort as is needed to organize a field trip. Once involved, telementors discover a variety of unique rewards in their work with children. Nearly all the telementors interviewed for this study (O'Neill, Abeygunawardena, et al., 2000) , for instance, felt that they had learned more about teaching and themselves through telementoring. A large majority said they had volunteered as telementors to encourage students' interest in their own chosen fields. This sets telementoring apart from strategic partnerships between schools and businesses that are based largely on extrinsic rewards for adults (Radinsky, Bouillion, et al., 2001) .
To reach the rewards, however, volunteers, students and teachers alike must overcome some initial uncertainty about what a telementoring relationship looks like and how it works. Unlike career day, science fair and public speaking contests, none of us grew up with on-line volunteering. Traditional forms of voluntarism in education are relatively easy to orchestrate, in part, because they are traditional. People require relatively little coaching to play their respective parts because they can rely on socially ambient knowledge about how the event unfolds. For telementoring to reach its full potential, teachers and researchers must develop similarly routine social protocols for on-line learning communities, which will support participation by people of similarly diverse ages and expertise. These social routines, and the technological tools that support them, should enable people to figure out where and how to make themselves useful to each other in a lightweight and spontaneous manner (Ackerman & Palen, 1996) . Below I argue that ''mentoring in the open'', as opposed to mentoring in e-mail or other private media, provides these opportunities.
THE RESEARCH SETTING
Between 1997 and 1999, I embarked on research in two Toronto-area public high schools. I partnered with three relatively traditional science teachers, whose teaching centered largely around lectures, labs and demos, but who were eager to explore the potential of network technologies for their teaching. Each of my collaborators had used a web-based interface to Knowledge Forum for a single curriculum unit per year in the two years prior to this study, and had a personal computer at home; but none considered themselves technically sophisticated. Their students' work with Knowledge Forum took place as part of a 10-week ''independent study unit''. This is a mandated part of the curriculum in their schools, in which students traditionally write library research essays on their own time. Students ordinarily get little direct guidance on this work, and produce book-report-like papers that merely summarize the work of published authors. The involvement of volunteer telementors from relevant graduate and undergraduate programs was, as in the example given above, intended to support the students in undertaking deeper and more speculative investigative work, without dramatically increasing the teachers' own workload.
The 112 students participating in the study were enrolled in upper-track science and biology courses in grades 9 and 11. These classes were quite racially mixed, with high percentages of nonwhite students; but because most had been relatively successful in school, they were more averse to academic risk-taking than the majority of their peers in school. For this reason, the work with telementors was initially a ''tough sell'' for some students, who felt that the new form of collaboration added unfamiliarity and pressure to a familiar type of assignment. Nonetheless, over the 10-week period of the independent study unit, students and their mentors generated hundreds of individual Knowledge Forum notes (postings). This was impressive given that participants' access to computers at school was entirely in central computer labs, rather than in the classroom itself as is more often the case with Knowledge Forum. Many of the students made up for limited Internet access at school by working with the software on their own time at home. While home Internet access was not a requirement of participation, 57% of participating students had web access at home in the 1997/98 school year. In 1998/99, 87% did.
BUILDING KNOWLEDGE ABOUT KNOWLEDGE-BUILDING RELATIONSHIPS
A previous study of 26 telementoring relationships (O'Neill & Gomez, 1998, November) revealed that one of the most important challenges to their success is the limited knowledge of mentoring that children and their mentors bring into the classroom. Unlike mentors in face-to-face settings, telementors are critically dependent on their mentees to make regular and frank reports of their progress; but how are students who have never taken part in a mentoring relationship (as most children and adults have not), to know why they should invest the effort required to make one a success? The problem is illustrated vividly by the following exchange between an interviewer and a student involved in this study:
Interviewer: What was your understanding of how the mentor would be involved in the project?
Student: Zero at the beginning. I didn't have the slightest clue. I knew I was going to meet a mentor.
Interviewer: What did you think he would do?
Student: Going into it I didn't have a clue if he was going to be able to help, or how the conversations were supposed to go . . .
Distinguishing Roles for Mentors
One way of understanding students' expectations of inquiry telementoring relationships follows the tradition of describing mentoring relationships according to the ''functions'' (types of advice, guidance and support) that mentors offer mentees (see, e.g., Kram, 1985) . As part of a survey about their telementoring experiences, I asked the 112 students involved in this work to rate the importance of 10 different mentoring functions in what they would imagine to be the ''ideal'' telementoring relationship. The 10 functions listed on the survey were: Factor analysis was used to boil students' desires down to a useful summary measure. The factor loadings suggested that for the students in my sample, the 10 telementoring functions divided into two kinds (see Table 1 ). Observing that Factor 1 included only those kinds of advice, guidance and help that students would associate with getting started on an investigation (background information, pointers to Internet resources, references to reading materials, or ideas about viable project topics or questions), it was labeled ''inquiry jumpstart''. After getting these kinds of advice, guidance or help, students would probably expect to set to work on their own -negating the idea of developing closer ties with a practitioner in the authentic community.
In contrast, the functions loading on Factor 2 pointed toward the role of a ''partner'' who does more than merely get students started. By asking questions, reviewing students' work, and offering ideas about challenging things that students might do to learn more, the ''inquiry partner'' attempts to be more routinely involved in monitoring and shaping the course of students' learning.
If we believe that a goal of education should be to initiate students into adult communities of practice, then volunteer mentors should play roles more akin to partners than inquiry jumpstarters, since the hallmark of knowledgebuilding activity is that over time, adults and children collectively ''up the ante'' on the problems of understanding they feel themselves accountable to (Bereiter & Scardamalia, 1993) . This continuous effort to build deeper understanding implies a degree of mutual accountability among knowledgebuilding partners (whether adults or children), to respect each others' ideas and to consider taking them to heart -even when it might be troublesome, or create additional work.
On occasion, students with little initial understanding of inquiry mentoring are reflective enough to develop an appreciation of the inquiry partner role, from their direct experiences alone. In this interview segment, Nina appears to have developed such an appreciation independently (emphasis added): Few would argue that the norm in many North American schools today is for ''research'' projects to consist of little more than gathering relevant source material on a subject and summarizing it. Hence, even when mentors signal to students that they would like to play the ''partner'' role, many students fail to see the signals, or decline to respond to them. Below, for example, is a segment from an interview with two students assigned to the same telementor. One of the students (Shannon) clearly expected their mentor to play an inquiry jumpstart role, while the other (Will) appears at least willing to accept the idea of a more expert adult partner:
Interviewer: What was your understanding of how your mentor would be involved in the project?
Shannon: I thought my mentor would be involved more than they were.
Interviewer: OK. So, in what way would you say your mentor was helpful to you, if at all?
Will: Well she asked us a lot of questions and made us think about our position . . .
Interviewer: Yeah?
Will: And she gave us some useful web sites. But sometimes it was too late . . .
Interviewer: What about you Shannon?
Shannon: Yeah, I would say the most useful information were the web sites she gave us, and sometimes when she responded she would give us some useful information. But it wouldn't be in depth, it would be just her viewpoint of it. So, yeah, she was useful in asking questions to make us think of different ideas to cover, and giving us some other information; but again, it was not good enough for us to use [quote in our paper].
Interviewer: Okay. So what would you say is the single best piece of advice or guidance that she gave you?
Will: It was probably her questions.
These quotes reflect what O'Neill and Gomez (1998) described as a ''developmental catch-22'' of telementoring. Given how little students know about mentoring relationships, it is easy for them to abandon them before they get any glimmer of their potential from direct experience. Like other ''Matthew effects'' in formal schooling, such as those associated with early literacy (Stanovich, 1986) , this problem does not yield easily to direct instruction (O'Neill & Harris, in press ). In the past, my collaborators and I have begun telementoring projects by walking students through an example of a ''model'' telementoring relationship, presenting the dialogue between students and adult volunteers, and highlighting benefits, exemplary ''moves'' by students, or missteps. While this usually makes students more at ease with the idea of telementoring, most still fail to retrieve and apply the lessons of the case when they become relevant. Work on preparatory training for mentees continues, with some promising results (Single, 2003) ; but given what so many studies have shown about the difficulty of knowledge transfer (Pea, 1987) , I suspect that knowledge about new sorts of learning relationships, like telementoring, is difficult for children to glean from abstract rules, or from case studies involving situations and people they are not familiar with. If these suspicions are correct, it may be that to understand how a telementoring relationship works and how it can be useful, many students will need to see one unfold between familiar people in familiar circumstances.
''Mentoring in the Open'' Promotes Appreciation of the ''Partner'' Role for Mentors In the ''open'' arrangement of telementoring orchestrated for this study, students could (and did) ''peek'' into the dialogues their peers were carrying on with their own telementors. Using the data below, I will claim that this ''social translucence'', as others have called it (Erickson & Kellogg, 2000) allowed students to develop more sophisticated ideas about the kinds of advice and guidance they wanted from their mentors. This ''free model-seeking'' allowed students to emulate the best practices they observed among their peers and peers' mentors. As one student explained in an interview: Using the results of the factor analysis discussed above, two ''role scales'' were constructed reflecting each student's desires for mentoring functions of the ''inquiry jumpstart'' or ''inquiry partner'' varieties, as reported on the closing survey. A respondent's score on each role scale is the sum of her desirability ratings for the functions loading on the corresponding factor. The two role scales are not revealing in themselves, but can be used in combination with other data to test whether our use of the Knowledge Forum environment helped to defeat the developmental catch-22. If this were true, we would expect students who read more extensively in the database to have higher scores on the partner scale. Wider reading would presumably expose students to more models of mentor and mentee behavior, and put them in a better position to appreciate the variety of ways that mentoring relationships can be helpful.
The data seem to bear out this hypothesis. As Table 2 shows, none of the Knowledge Forum note reading measures correlate significantly with the desire for inquiry jumpstart functions (e.g., background information, pointers to Internet resources). This suggests that students who were looking for a quick ''information fix'' to get their research started rarely scoured the database to find it. On the other hand, students who read more extensively in the Knowledge Forum database were likely to desire the kinds of advice and guidance associated with an inquiry partner (e.g., asking useful questions, reviewing work). Correlations were significant between the partner scale and all three database reading measures collected from the Knowledge Forum server: reading the notes of one's assigned mentor, of other mentors, and of other students.
Students' judgments of the success of their assigned mentor relationships were not significantly related to the number of their own mentors' notes that they had read. However, both reading other mentors' notes and reading a high number of notes overall were negatively related to students' overall judgments of the success of their relationships with their assigned mentors. Some explanation is provided by interviews discussed in the next section. These suggest that the causality involved actually moved in two directions. Some students, who felt that their assigned mentor relationships were not proving helpful, decided to look elsewhere in the Knowledge Forum database for models of mentor and mentee behavior that might improve their relationships. Other students, who thought their relationships were going as well as could be expected, learned from casual browsing of the database that they could be doing much more with their mentors.
To summarize my claim in this section, students who selectively ''listened in'' on the mentor relationships of their classmates were apparently more inclined toward the ''partner'' role for their adult mentors. Whether they were prompted to seek models of good mentor and mentee behavior by relationships they perceived to be in trouble, or changed their ideas about what ''success'' meant as a result of casually browsing the database, it appears ''mentoring in the open'' (as opposed to in private e-mail) helped some students to understand the potential for inquiry partnership in telementoring relationships.
USING AND MAKING SOCIAL CAPITAL IN KNOWLEDGE FORUM
While the results in Table 2 were encouraging by themselves, a review of the interviews carried out with the students made it clear that there was a more complex story behind the numbers. Perhaps the most impressive facet of the model-seeking undertaken by students in this design experiment was that they were not prompted to do it by either the teachers or myself. Further, there were no marks awarded to students on the basis of the number of notes they read. In fact, the structure of the assignment could be taken to discourage students from reading the work of peers outside their own views, since in most cases, the research notes posted by students in each view were of limited relevance to their peers. This raises the question, why would students bother to venture outside their research ''home'' views at all?
At least part of the model-seeking reflected in Table 2 was driven by preexisting relationships among students. In fact, it appears that most of the students did not begin their explorations of the Knowledge Forum database with the intention of learning more about telementoring relationships at all. Several who read notes outside their ''home'' views appear initially to have done so to see what the ''smart kids'' were doing, or to ''check up'' on friends:
Student: I went to [another view in the Knowledge Forum database] and I read some of my friends' notes, just to see how long they were, see what they were writing. I don't know why, but just see what they were doing . . . As this quotation illustrates, students often had difficulty articulating what they learned from observing the mentoring relationships of their peers. Occasionally though, a student was aware of having directly transferred a lesson from another student's mentoring relationship. Below, for example, a young man studying the science of cloning explains how observing a friend's mentor relationship led him to a breakthrough with his own mentor. His friend had taken a risk by probing his mentor about a controversial issue related to his research: I saw how they related to their mentor, and how they talked. And all I could really do was compare how we did with that. It didn't really apply to the final report or anything. I went to the Anti-aging [view] , and my friend there was telling me about how, opposing calmness is a good idea. So in my own view I asked my mentor what his views on cloning are . . . and I stated my own views. Then, he stated his views. That was pretty helpful. I found out what his bias was. He was against human cloning instead of for it. I thought he would be for it, because he was all into cloning and stuff [in his research], right? But it turns out that he was against human cloning, [while] he was for animal cloning.
Interviewer
Both this and the previous quotation show how students' curiosities about their peers can serve as a starting place for the kind of model-seeking necessary to overcome the developmental catch-22 of telementoring. Where this curiosity exists, it may serve as an important resource for building social capital in a computer-supported community of inquiry. On the other hand, teachers and researchers should be cautious about assuming that this curiosity exists, or that students will consistently follow through on it. Experimental studies have shown that students' interest in comparing their performance with that of their peers can depend strongly on whether they are oriented toward mastering the task at hand, or merely presenting an appearance of high ability (Butler, 1992) . Carol Dweck traces such mastery and ability goals to students' personal theories of intelligence, showing that students with strong beliefs in intelligence as a fixed personal resource (as opposed to one that could be increased) may systematically avoid opportunities to learn (Dweck, 2000) . Interview data from the present study clearly showed hints of such avoidance in one grade 9 student:
Interviewer: Did you find that some of the grade 11's responded to what you had to say? Nancy: [Yeah], I was . . . noticing that they were trying to outsmart us . . . . They were all like, I don't know. They seemed robotic. Like, the words they used! Interviewer: Huge?
Ahmed: I don't know where they get these words. They're twenty-letter words! Scaffolding Social Comparison This is not necessarily a lost cause; for I also found some evidence that telementors could help students like Nancy overcome their reticence toward social comparison. An entirely unexpected helping behavior that emerged from the ''open'' telementoring scheme involved mentors encouraging social comparison by selectively drawing students' attention to their peers' work. As with students' model-seeking, this was not done under direction from the participating teachers or myself. It simply occurred to our volunteers that it would be an efficient and effective way of helping students to put forward their best effort. Rather than laboriously offering advice to individual students, as they would need to do in a private e-mail correspondence, mentors could save themselves effort by helping students to appreciate exemplary work by their peers. One student explained the helpfulness of this strategy:
Sometimes we won't have enough time to read other people's notes, even though [we know] that might help [us] . But if something was really helpful, [our mentor] would highlight it. She would tell us, ''OK, go into Andrea's [note] and see.'' She would say, ''Alright, she did this, and this is what you were supposed to do.''. . . And when Peter [another student] did his position paper . . . she really advised us to look through [it] . Like, ''this is what you're supposed to be doing.'' Catalyzing Peer Support Another unexpected consequence of mentoring in the open was that some students began to view the support of their peers by analogy to the support of their adult mentors. In effect, the presence of adult mentors in the shared inquiry space validated the efforts of public-spirited students, who might otherwise have been viewed (in this competitive cohort) as grandstanding. On occasion, supportive peers were even viewed as taking up slack for mentors who logged onto the Knowledge Forum less frequently. An example comes from a group of Grade 9 students, who went out of their way to praise the efforts of their ''grade 11 mentors'' in our interview. (The interview guide was not written to directly address peer support).
One thing I'd like to add is that the grade 11's, they were kind of like mentors 'cause . . . they're only two years older, [but] they're a lot smarter. And they'd also respond to some of my [notes]. One [grade 11] responded to 2 or 3 of my [notes]. He . . . asked a lot of questions, and he helped me out a lot because he told me ''what about this?'' and he said, ''you should really take this into consideration''. [So, the grade 11s] helped out a lot. They were like mentors in a way.
A richer example is provided by a second group of grade 9s. For their independent study, they had chosen to explore the scientific possibility and social consequences of an anti-aging drug that might extend a healthy person's life by 50 years. In the following interview segment, the grade 9s praise an 11th-grader, Sandy. She had chosen the same research agenda, and kept the grade 9s from jumping to conclusions in their work:
Keith: Sandy was a real help. She kept contradicting [me]. Like I'd say, ''here, it's here! I found an anti-aging drug!'' [And] she said, ''no you didn't, it's just a lotion'' and stuff like that. And she, she'd always be . . .
Holly: She was almost like another mentor.
Keith: Yeah, she helped us a lot.
Holly: In the way she acted.
Interviewer: Great. So she responded to your notes and you responded to hers. Did you ever give her advice? Did you ever act like her mentor?
Holly: We tried.
Keith: We tried, but she ah . . .
Holly: Well I found one site, [at the] University of California . . . . Some special lab testing of anti-aging stuff, and . . . I told everyone about it. I posted . . . a couple of web sites, and this is one of the best ones that I have found. They had actually done testing, I think [on] rats, and the rats had lived 30% to 40% longer. That was a good site, so we [all] checked that out.
The other side of the story, as told by Sandy and a fellow 11th-grader, Mark, in a separate interview, reflects a surprisingly munificent outlook toward the grade 9 students:
Interviewer: You shared the same view with grade 9's. How did you feel about that? Sandy: I think some of them in our view held up fairly well, some of the grade 9's. Like [in] a couple of the other views . . . you could tell exactly who were the grade 11's and who were the grade 9's, because . . . only the grade 11's had made conversation. But our view seemed to be pretty equal between the grade 9's and 11's, [in] how often people wrote stuff, and how intelligent it actually was. Mark: I really didn't mind [the grade 9s], because I would try to help them out if I could, if I found the time (laughs). Overall, they were just fine, and I think they were there just to learn, just as I was.
Sandy: I checked out a lot of [web] sites for them. There was this one site, where this [grade 9] went to www.anti-aging.com (laughs), and . . .
Mark:
Yeah, something like that, and I think our mentor was the one that told them that, ''Um, this is not reliable at all.'' (laughs) Sandy: I was checking out the site, and it said right in there, in the frequently asked questions, it said this is not an anti-aging drug, it just makes you look younger. And with almost every one of these, like these socalled anti-aging drugs out there, that's all they do, they just make you look younger.
Mark: I think that's the problem they had, judging the reliable sources from the unreliable sources and we tried to help them out if we could.
CONCLUSIONS
Since at least 1995, telementoring has been pursued in K-12 schools as a way of connecting students' inquiries in school with the adult communities of practice that give them meaning. For the most part, however, telementoring research has followed a traditional notion of mentoring that is private and oneon-one. While programs developed on this basis have been beneficial to many students, the research reported here suggests that this traditional model of telementoring may not make adequate allowances for adolescents' needs to develop knowledge of the possible roles that inquiry mentors can play. The ''mentoring in the open'' model discussed here begins to address this problem.
Previous research has also overlooked the potential that telementoring presents for fostering the development of disciplinary communities of inquiry both within and across schools, in ways afforded by groupware tools like Knowledge Forum. Many years of research, in both technology-intensive and non-technology-intensive settings, have shown the development of such communities to be a formidable challenge (Bielaczyc & Collins, 1999) . Above, I showed that ''mentoring in the open'' can increase students' appreciation of the potential of telementoring relationships, and foster the development of ''social capital'' in an on-line community that is a longdocumented hallmark of community life off-line. In this classroom design experiment, mentors fostered the development of social capital, sometimes without even intending to, in the midst of offering advice. Students' receptiveness to this was encouraging in an academic environment where they typically behaved in a competitive and individualistic fashion inimical to collaborative knowledge building.
ISSUES FOR FUTURE RESEARCH
A next step in this research will be to design ways of actively encouraging and more rigorously observing behaviors that foster social capital. While carrying out this work, we should be mindful of some obstacles suggested by the data for this study. It may be useful to elaborate on these here.
Underlying the work discussed above is an effort to teach students to treat adults with disciplinary expertise as partners in inquiry, and models of disciplinary problem solving. In pursuing this goal, we inevitably confront stereotypes of ''experts'' that students carry into the classroom. One such stereotype seems to stand behind the words of a grade 11 student asked to explain why so little cross-talk occurred between students in his research view (emphasis added):
Eric: It wasn't clear to me that we could interact with the grade 9's until later . . . . It was basically, you talk to the mentor, the mentor talks to you, and if [an]other student has a good valid point, you'd mention his name [in your own note] but you wouldn't be directly talking to that person. You'd be like, ''Well, Andrew had a really good point and I want to know why, blah, blah, blah . . .'' But then, it's never me to [my fellow student], him to someone. It's never a debate like that.
Interviewer: Hmm. Did you think that you were not allowed to do that? Eric: Oh, it's not that . . . . I don't know, it didn't seem like there's a reason to. I sort of threw that off, because, you know, why talk to your fellow students, when you [can] talk to an expert, right?
To students with Eric's perspective, the word ''expert'' appears to denote someone who holds (or ought to hold) the answer to any potential question in a domain. Students' conceptions of expertise appear to have been little studied (Tynjala, Helle, et al., 2002) , let alone their origins; but we may speculate that Eric's notion originates in mass media portrayals of experts, such Hollywood movies, or interviews with university professors that are televised after a major news event.
This view of experts and expertise fits well with ''Ask-A'' services and the ways that students interact with them; but it leads students to expect contributions from telementors that would be antithetical to inquiry-based teaching. Such contributions might truncate students' inquiries, and remove the thinking demand that they are intended to produce. This violates a principle of learning that is well established in cognitive research (Resnick, 1999) . Hence, in my own support materials for mentors, I discourage them from meeting ''Ask A'' expectations (O'Neill, Abeygunawardena, et al., 2000) .
It would be misleading to suggest that Eric's view of expertise is universal among students his age. The following quotation comes from an interview with two young women also involved in the present study, who were studying in vitro fertilization under the guidance of an undergraduate at the University of Toronto:
Interviewer: I haven't read absolutely everything in your view yet, but I think I read somewhere, where one of you asked her [your mentor] what her background was with in vitro fertilization.
Francis: That was one of us.
Interviewer: And she said, ''this is not something that I do for a living, but I have studied about it.'' Did [it] matter to any of you that she wasn't a world expert on this? the guidance they offer in defining and approaching problems of understanding.
With respect to the larger vision of the knowledge society -millions of adults and millions of children inquiring together routinely -there is admittedly a long way to go. However, currently available software supports for telementoring (O'Neill & Weiler, 2003; National Mentoring Partnership, 2003 ) make this vision more feasible than ever. Today, we can imagine a near-term future in which universities, museums, professional societies and community groups could offer their members' particular expertise on-line to teachers and students once or twice each year to support specific curriculum units. This study offers a glimpse of the power that such mentors can have, not only to scaffold individual students' inquiries, but to help build and sustain vibrant on-line learning communities. Through her commitment to guide a particular group of students, a mentor helps constrain the dauntingly wide prospects for collaboration that a large number of participants presents, offering the student some certainty about where to begin making contributions that will be valued. From there, many avenues for growth are opened up.
